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Slices of rat brain hippocampus were tetanized in the perforant path fibers. In individual slices long-term changes of the electrophysiological parameters were determined simultaneously with post hoc endogeneous phosphorylation of proteins in a lyzed crude mitochondrial/synaptosomal fraction.
A quantitative relation between the electrophysiological parameters and the degree of phosphorylation of a 52K protein was found to follow a non-linear function.
The application of one or more tetani to an afferent fiber group may cause electrophysiological and biochemical changes in the target neurons3,10A4. 22. The electrophysiological changes may consist of post-tetanic potentiation (PTP) and/or long-term potentiation (LTP) of the evoked responses upon single test stimuli. These two types of changes have been found in many neuronal systems including the hippocampus, both in vivo 6,7,17 and in vitroZ,15,21. However, besides potentiation also depression of the evoked response may occur 1A5.16,18.
In addition, tetanization of afferent fibers induces biochemical changes at the synaptic level 9A9. These changes include: (i) a decrease in the activity of a-pyruvate dehydrogenase by an increased degree of phosphorylation, possibly leading to an elevation of the presynaptic calcium concentration9; (ii) an enhanced influx of calcium into pre-and/or postsynaptic elements2,25;
(iii) an enhanced release of neurotransmitter14,22; and (iv) a calcium-induced activation of a postsynaptic protease, presumably unmasking glutamate receptorsS. Our own research has shown' that tetanization of the perforant path fibers results in an enhanced post hoc phosphorylation of a protein (M r 52K) present in hippocampal synaptosomal plasma membranes3,4,19, 23.
The in vitro endogeneous phosphorylation of the 52K protein was not sensitive to calcium, calmodulin or cAMP 4.
In the present paper we report for the first time a quantitative correlation between the changes in amplitude of the postsynaptic potential and population spike measured extracellularly, and the degree of phosphorylation of the 52K protein occurring after tetanic stimulation of the perforant path fibers in rat hippocampal slices.
Hippocampal slices (301)--400/~m; n = 30) were cut from the brains of 4 male rats (inbred Wistar TNO, Zeist; body weight 140-150 g)24. Immediately after cutting, the slices were placed in perfusion cups of a multicup perfusion system and preincubated as described previously 20. After a preincubation time of 45-60 min, two stainless steel electrodes (40/~m in diameter; at 40-60/~m distance) were placed in the stratum moleculare.
Glass micropipettes filled with 3 M NaCI (2-10 Mg2) were placed in the stratum granulosum of the fascia dentata23. The electrophysiological parameters of interest are the population spike (Popsp) and the field postsynaptic potential (PSP). As a measure
